ABSTRACT Summary: AVA (Array Visual Analyzer) is a Java program that provides a graphical environment for visualization and analysis of gene expression microarray data. Together with its interactive visualization tools and a variety of built-in data analysis and filtration methods, AVA effectively integrates microarray data normalization, quality assessment, and data mining into one application. Availability: The software is freely available for academic users on request from the authors.
Microarray experiments involve many procedures and every step in the process can potentially introduce variations into the final results (Schuchhardt et al., 2000) . One of the early steps in analyzing noisy expression data is to determine the quality of the entire array and the individual spots on the array. The problematic spots are identified and removed before conducting more advanced analyses. This step is particularly important when closely related samples are compared because often only a small number of genes are differentially expressed under such conditions. Several statistical algorithms have been developed to address quality problems in microarray data (Ideker et al., 2000; Kerr et al., 2000; Baldi and Long, 2001; . These approaches have been proven extremely useful, however, due to their dependencies on experimental replications and/or overall frequency distributions of the expression data, these methods can be ineffective in detecting artifacts that affect only a small number of spots on the arrays or those that impact all replicates equally. A variety of local variations on arrays have been observed but inadequately addressed, likely in part due to the lack of an effective tool. Detection of these variations is critical for eliminating false results. To address this problem, we have developed a software tool that can help users to assess array quality by visual inspection and to isolate the problematic spots for further data analyses.
AVA was implemented in Java 1.3. It can be used either as a standalone application or an applet. It provides a * To whom correspondence should be addressed. graphical environment for analyzing data derived from either a single dual-channel array or two single-channel arrays. The main functions include: (1) load array data from either a file or an URL; (2) visualize data in a virtual image, an intensity scatter plot, and an intensity or ratio distribution histogram; (3) select/find/filter spots on the arrays in different ways; (4) save analyzed data for the entire array or selected spots to local files for further analysis or reporting; (5) normalize data using different algorithms; (6) display and retrieve detailed information of selected genes, allowing online data mining; (7) display basic statistics of the array data; (8) re-arrange the spots on the virtual image to reflect other physical properties of the arrays, allowing easy detection of plate or other biases.
Upon loading the data, AVA displays a virtual image, a computer-generated graphical representation of the array data with each spot on the virtual image representing a corresponding spot on the real array (Figure 1) . The brightness and the colors of the spots on the virtual image reflect the absolute and relative expression levels of the genes in the two conditions. The spots on the virtual image can be selected and highlighted in multiple combinable ways, including using a fold-change filter, an intensity filter, keywords, and physical locations on the array (by drawing a shape around an area or clicking on a spot). These spot selection mechanisms allow visualization of unusual patterns on the array, which can be used to identify problematic regions or spots on the array (Figure 1 ). Using AVA, we have revealed such abnormal patterns that have been missed by other methods/software tools, including visual inspection of the original images (data not shown).
If desired, a scatter plot of the intensity data can be displayed. Points on the scatter plot can be selected in many ways and the selection of spots on the virtual image is synchronized with that on the scatter plot, allowing quick detection of problematic spots. For visually evaluating the overall distribution of the data, frequency distribution histograms are provided for signal intensities or intensity ratios.
Several data normalization algorithms are implemented in AVA, including mean, median, trimmed-mean, selected-spot, user-defined, and segmental normalization Y.Zhou and J.Liu Fig. 1 . An AVA screenshot showing a virtual image of a dual-channel array (left) and a log10 scatter plot of the intensities (upper right) and an intensity frequency histogram (lower right). The detailed information for selected spots is displayed in the table under the virtual image and the scatter plot. The expression data are normalized by trimmed-mean normalization. Spots with two or more fold under-expression after normalization are selected and highlighted in white. The overall brightness of the virtual image is lowered to enhance the pattern of distribution of selected spots. Two diagonal bands of selected spots are revealed. Shapes were drawn around the corresponding bands. All spots in the lower band are de-selected and those in the upper band are being de-selected. These spots are excluded from downstream analysis. A box was drawn on the intensity scatter plot to enclose the spots that would be zoomed in for a closer inspection or selected for further investigation. (Zhou et al. 2002, unpublished) . In particular, segmental normalization is a novel and effective normalization algorithm developed by our group, which will be reported separately. The detailed descriptions of the normalization algorithms and other functions of AVA can also be found in the user manual distributed with AVA.
In summary, AVA is a simple and effective tool for dealing with complicated microarray data. Its main strength lies in its highly interactive and flexible visualizations and its novel normalization algorithms, which facilitate easy detection and isolation of abnormal spot distributions that are not readily detected with other available tools. AVA is especially useful in reviewing and/or re-analyzing microarray data from public depositories or other labs where the original images are often unavailable.
